The zebra®sh biklf gene encodes a novel Kru Èppel-like transcription factor containing three contiguous zinc ®ngers at the C-terminus. Expression of biklf is detected from the shield stage onward in the developing prechordal plate, and as a`baseball seam'-like lateral stripe beginning at the end of gastrulation. The latter expression domain is suppressed in the swirl mutant in which bmp2b is disrupted. At the 5-somite stage the lateral expression domain separates into two distinct stripes, one in the ectoderm, the other in blood islands in the lateral plate mesoderm. Blood island staining of biklf continues through somitogenesis as the most prominent area of biklf expression. q
Results and discussion
Expression of zygotic genes starts at the midblastula transition (MBT) at about the 1K cell stage in zebra®sh, and zygotically activated genes gradually replace maternal mRNA as major regulators of embryogenesis. To identify early zygotic genes involved in this process we subtracted a maternal cDNA library from a dome stage library that contains both maternal and early zygotic messages. Further screening for zygotic genes that show interesting expression patterns was performed by whole-mount in situ hybridization. We describe here a gene we named biklf, which encodes a novel blood island-enriched Kru Èppel-like factor. Biklf is related to the erythroid cell speci®c Kru Èppel-like factor EKLF in mammals, although it does not appear to be the zebra®sh EKLF orthologue. Ablation of EKLF by gene targeting results in the b-thalassemia, indicating that EKLF is an essential transcription factor for b -globin synthesis (Nuez et al., 1995; Perkins et al., 1995) . At least part of the function of EKLF is mediated by the CACCC box, a cis-acting element found in promoters of many genes including the hematopoietic tissue-speci®c gata1 and globin genes (Tsai et al., 1991; Asano and Stamatoyannopoulos, 1998) . We show in the present paper that the expression pattern of biklf forms a striking stripe in the lateral domain at the tailbud stage which is distinct from the ventral expression domain of gata2 at this stage. The biklf pattern de®nes a distinct region in the embryo, possibly representing a blood island precursor domain.
The biklf gene encodes a protein containing in its C-terminal domain three tandemly repeated Kru Èppel-like zinc ®ngers with the conserved sequence CX 2±4 CX 3 (F/ Y)X 5 LX 2 HX 3 H, separated by a highly conserved seven residue spacer, TGX(K/R)P(Y/F)X (Fig. 1A,B) (Turner and Crossley, 1999) . Biklf belongs to the EKLF subfamily of Kru Èppel-like factors (Fig. 1B) , with sequence identity of 86, 89 and 92% between Biklf and EKLF, GKLF and LKLF, respectively, in the zinc ®nger domains (Miller and Bieker, 1993; Shields et al., 1996; Anderson et al., 1995) . In contrast, the amino terminal domain of Biklf shows no signi®cant similarity to any protein in the Genbank database. A potential nuclear localization signal, rich in lysine and arginine, is found between amino acid residues 310±322 (Fig. 1A) . The amino terminal domain of Biklf has a high content of acidic amino acids, a common characteristic of activator type transcription factors (Stringer et al., 1990) .
Both Northern blotting and whole-mount in situ hybridization indicate that biklf mRNA is not supplied maternally and is strongly activated by MBT in all blastomeres ( Fig. 1C and data not shown). Ubiquitous staining of biklf decreased during blastula stages, and speci®c localized staining begins in the shield at the onset of gastrulation. Subsequently, involuting axial mesoderm strongly expresses this gene throughout gastrulation stages ( Fig. 2A,B ). This expression domain evolves into the prechordal plate, continues during somito- (00)00404-4 www.elsevier.com/locate/modo genesis, and ®nally represents the hatching gland at 24 h post-fertilization (hpf) (Fig. 2C±F, M, N) .
At the end of gastrulation, another biklf expression domain appears as a striking`baseball seam'-like stripe at a lateral position (Fig. 2C) . The biklf stripe seems to correspond to the dorsal limit of expression of both the gata2 (Fig. 3A) and bmp2b genes (Detrich et al., 1995; Nikaido et al., 1997) . Therefore, we compared biklf and gata2 expression in the swirl and chordino (dino) mutants; in swirl the bmp2b gene is inactivated, while chordino lacks the BMP antagonist Chordin (Kishimoto et al., 1997; Schulte-Merker et al., 1997) . Lateral staining of biklf was suppressed in swirl, while prechordal plate staining was unaffected (Fig.  3A) . In contrast, biklf expression in chordino appeared translocated dorsally and formed a thicker stripe than in wild type. Likewise, gata2 expression, which is known to be regulated by BMP signaling, was inhibited in swirl embryos and its dorsal boundary was moved dorsally in chordino (Fig. 3A) . These results indicate that the lateral stripe of biklf expression is regulated by BMP signaling.
Beginning at the 5-somite stage, the lateral stripe of biklf RNA begins to separate into two distinct stripes, with the major outer stripe being located in the lateral plate mesoderm (Fig. 2E,F,H,I ,K,L). This outer stripe appears to gives rise to blood islands that consist of erythroid precursor cells. During somitogenesis, strong biklf expression continues in blood islands, a localization con®rmed by coexpression of biklf and gata1 by double color in situ hybridization experiments (Fig. 2R) . It is known that gata1 expression starts in blood islands at approximately the 5-somite stage (Amatruda and Zon, 1999) . Because of this relationship to blood islands and vascular precursors we examined expression of biklf in the cloche mutant that is defective in both blood and endothelial cell differentiation (Stainier et al., 1995) . Although no significant change of stripe staining of biklf was observed at the 5-somite stage (data not shown), blood island staining of biklf, as that of gata1,was strongly inhibited at 24 hpf in cloche embryos (Fig. 3B) , suggesting that cloche is required for the maintenance of biklf expression in blood precursors. The early markers of blood, gata2 and scl/tal1, appear as bilateral stripes in lateral plate mesoderm around the 3-somite stage (Liao et al., 1998; Detrich et al., 1995) , while biklf is already expressed as a stripe at the tailbud stage, a time when gata2 is expressed in a wide ventral domain (Fig. 3A) . Therefore, biklf seems to be expressed in blood islands before gata2 is restricted to this domain.
In contrast to its expression in the blood island domain and in the prechordal plate and hatching gland, the inner stripe of biklf staining disappears during somitogenesis stages. This inner stripe extends from posterior to anterior regions of the embryo and appears to be located in the ectoderm. The latter assignment is based on co-localization of the inner stripe of biklf with the expression of dlx3, a known ectodermal marker (Ekker et al., 1992) (Fig. 2P,Q) . At the late somitogenesis stages, we observed two bilaterally symmetrical pairs of dots of biklf staining (arrowheads in Fig. 2M±O) ; the identity of these regions is not known.
Methods
cDNA libraries were prepared from RNA of early stage (0±32 cell stage) and dome stage zebra®sh embryos, using the PCR-selected cDNA Subtraction Kit (Clontech). A library enriched for zygotically activated genes was obtained by subtraction of the early library from the dome stage cDNA library. The D2 clone (about 0.8 kb fragment), which showed no homology to any protein in the Genbank database and was predominantly expressed in blood islands, was isolated by whole-mount in situ hybridization screening. The following oligonucleotide DNA primers were synthesized for full-length cloning of the D2 gene: the 5 H primer for 3 H RACE was 5 H -TGACAACGACAACACCT-CAGCACCGCCG-3 H , and the 3 H primer for 5 H RACE was 5 H -TCGGCTACCAGACTGTGTCCTGGACGTG-3 H . Fulllength clones for D2, which was named biklf, were isolated by RACE using the Marathon cDNA Ampli®cation Kit (Clontech) from cDNA library prepared from dome to shield stage embryos. The Genbank accession number of biklf is AF262978.
Whole-mount in situ hybridization was performed as described previously (Toyama et al., 1995) . Mutant alleles of swirl tc300 , chordino tt250 and cloche m39 were used (Kishimoto et al., 1997; Schulte-Merker et al., 1997; Stainier et al., 1995) . 
